Abstract
Introduction

49
The splicing model for exons surrounded by long introns is based on the assumption of a 
137
One can see experimentally identified transcript variants, corresponding to different protein 138 isoforms for GABRB3 and GABRA5 genes (Fig. 1C-L) , the computationally predicted transcripts 139 matching the experimental ones, sites of recursive splicing for long introns (Fig. 1N-S) , promoters,
140
GC-rich region (Fig. 1M , O) and EST including un-spliced for both orientations (hg38 assembly)
(Fig. 1T,U).
142
The mapping data for sites along the nucleotide sequence of locus 15q11-12 are shown in 
146
Since GABRB3 and GABRA5 genes have different orientations, the mapping was carried out for the 147 (+) strands and (-) strands in accordance with gene orientation. 
(D) L08485 (adult brain). (E) AK315311, var 2 (foetal brain). (F) BC113422 (brain and lung). (G)
152
AK302822, var3 (brain, cardiomyocyte, lung, testis et al). (H) BC111979 (brain and lung). (I)
153
AK295167, var4. (J) BC011403 (retinoblastoma). (K) BC010641, var1 (retinoblastoma). (L)
154
CR749803 (retina). (M) GC-rich regions. (N-O) Gene id (-). (P) Genescan (-). (Q) Genescan (+).
(R) Genescan(-). (S) Genescan (+). (T) EST (-). (U) EST (+). Start point (40 knt) corresponds to
156
knt for chr15 (hg38 assembly). (C) -(L) Annotated human mRNA from GenBank. (N)-(O)
157 in silico predicted mRNA by Genscan, Gene id programmes. Annotated promoters P1, P4-6, 9, 10.
158
(C) -(L) GenBank mRNA variants, http://genome.ucsc.edu 
(Q) Averaged data from (N-P). (R) Averaged data from (M). (S) PTB P motives as in (T)
incorporated in Py-rich tract (> 15 nt) for (-). (T) PTB P sites (complement to TTCT, TCTT,
172
CTCTCT (-)) after averaging. (U) Motives of PTB P sites (TTCT, TCTT, (C)TCTCT (+)) [52-54]
173
after averaging. f1 fragment -core-part, f2 fragment -intron 3 (GenBank, GABRB3), f3 fragment -174 between P5 and P8 promoters, f3+f4 fragments -between GABRB3 and GABRA5 regions, 175 f3+f4+f5' fragment -two first introns for a long variant CR749803 (Fig. 1L ), f5 fragment - 
177
Two folding methods for large intronic RNAs
179
First, in accordance with in silico predicted splicing sites (Gene id programme), we 180 subdivided the longest intron of pre-mRNA (149 knt) (Table S2 ) into smaller fragments. Their 181 lengths allow acceptable time needed for computation of secondary structure folding of intronic
182
RNAs. These fragments may be considered as corresponding to recursive splicing. 
191
Additionally, there is a very long transcript expressed in retina. According to the latest data, the 192 locus transcription is bi-allelic in brain, and in disease, it is partially biased to mono-allelic variants coordinates of structural elements relative to the genomic sequence are given in Table S2 for the 202 hg38 assembly of Homo sapiens genome (GenBank). These folding images are further used as the 203 basis for mapping of RNA-binding proteins motives.
204
Second, the sliding window method was used for non-recursive folding variants, if such 205 exist, to estimate the possibility of identification of folding peculiarities in long intronic RNAs, for 206 example, intron 3 (GenBank, 149 knt) (Fig. 6 ). This non-recursive folding may be realized at the 
229
Assembly of intron 3 -intron 9 (Gene id) corresponds to intron 3_GenBank. (Fig. 2N) had a consensus sequence SRSASGA (7-mer, S:G or C, R-purine) [49] , which 266 was more complicated by its nucleotide diversity than those derived on the basis of hepatitis delta 267 virus genome sequence, which had a purine-rich consensus RGAAGARR (8-mer, R-purine) (Fig   268   2O ) [50] or by the SELEX method (Fig. 2P) , which was represented by RGAAGAAC (8-mer, R-269 purine) [51] . Despite the differences in consensus, the overall numbers of combined binding sites 270 are presented for completeness in Fig. 2Q for the (-) strand and 
230
307
Altogether, this can lead to an efficient processing of pre-mRNA.
308
According to the proteomics data (GeneBank) [69] , the density of SRSF1 protein in brain is at whole, the lateral zones, namely, intron 8 (Gene id, part of intron 3 (GenBank)) and, to some extent, 337 intron 2 (Gene id, part of intron 3 (GenBank)), as well as intron 8 (GenBank) (second portion of 338 core-gene) are enriched in SRSF5 protein-binding sites (Fig. 2G, Fig. 3 -5, as brown spots for site 339 density higher 10 motif/knt). For GABRA5, some strong peaks are present in introns 1,4,5 340 (GenBank) (Fig. 2H, (+) strand) , and in inter-gene region, binding sites are scarcely present.
341
For an easy description, we highlight fragment f1 as containing short introns, exons and transcription variant of GABRB3 gene (end-to-end across the GABRB3 and GABRA5 genes, active 345 in retina). Quantitatively, the SRSF 1 signal density in f2 and f3+f4+f5' for long introns (S1 Fig. 1 , 346 S1) exceeds that for f1 (data for the gene-core), especially, when integrating over the entire length 347 of GABRB3 gene, when it becomes obvious that the main share falls on long introns, as if they 
365
UCUU/UUCU motif is significantly higher than of the (C)UCUCU motif, and as usual, the motif is 366 co-localized with more nonspecific Py-tracts. We mapped these tracts along the 15q11-12 locus. In 367 the long intron 3 (GenBank, GABRB3), they are localized in the central part in one-dimensional representation (Fig. 2T) and in 2*D representation (Fig. 3-5,7 , green or dark green spots, green 369 spots for tracts density higher 20 motif/knt, dark green ones for density higher 25 motif/knt), 370 namely, in the strong peak B15 and in the weaker peak B11, as well as in inter-branch spaces 371 (interB14-B15, interB15-B16). For the core-part of GABRB3 gene (Fig. 4) , such mapping revealed 372 strong peaks В32-33, B34/B34', B35. For a long intron 4, 5 of GABRA5 gene (GenBank), the peaks 373 in one-dimensional representation (Fig. 2U) correspond to branches B55, B57, B58, also shown in 374 2*D representation (Fig. 7) . For chr15.140.2 intron of in silico predicted transcription variant, a (Fig S2) .
384
Green spots dominate the upper part of the picture (Fig. 3) , that is, in the centre of the long 385 intron 3 (GenBank). In intron 4 (GenBank), the intensity of Py-rich motives and tracts is higher than 386 in intron 3 (GenBank) and is more concentrated. This increased level refers both to the overall 387 number of motives and to the number of almost full-size fragments (>15 nt) enriched in specific Py- 
406
For hnRNP G binding sites, there is a preference for CCA repeats [84] . The B6 branch of 407 the long intron 3 (Fig. 3) has sufficiently long repetitions of similar sequence. As hnRNP G and 408 hnRNP L binding sites may have some overlap, they are both labeled by yellow spots (Fig. 3-5 (Fig. 2A,B 
480
In Fig. 9A , the differences between count(Py)-count(Pu) for overall count of tract per 481 fragment length are presented, as well as differences in their density per fragments length (Fig. 9B) .
482
As follows from difference plot between Py and Pu, the branches B10, B14-B15, B15 (intron 3, 
539
TTGT/TGTT and AACA/ACAA pair is in black, TTTG/GTTT and AAAC/CAAA pair is in gray.
540
Cluster of Alu repeats'
541
To study the role and structural property of Alu cluster at the beginning of GABRB3 gene at (Fig. 10G-J) . In the histogram (Fig. 10M) for the upper chain, the nuclei of 549 dsAlu annealing are Alu 2 (+) and Alu3 (-), and according to the histogram, the interval between them is approximately 1700 nt, whereas the interval between Alu 3 (-) and Alu4 (+) is 551 approximately 400 nt. In the last case, the statistical frequency of annealing is about 2 times higher 552 than between Alu 2 (+) and Alu3 (-). This difference logically follows from the assessment of dsAlu 553 editing rate by enzyme ADAR [94] . It is assumed that this is the case for an average elongation rate 554 for long introns (~ 3 knt/min). Thus, it follows that the nucleation of annealing for the whole cluster 555 will be generated by the closest sense and antisense Alu, that is, by Alu 3(-) and Alu4 (+). Most 556 likely, the lower chain is realized for an average rate of elongation inherent to long introns. In the 557 special case of slow elongation or specific pauses, if any exist, the upper chain may by more 558 preferential. After an addition of Alu7 and so on, the lower chain becomes thermodynamically more 559 preferable then the upper chain.
560
Annealing of the more distant portions of whole chain (Alu5-11) will occur in accordance intronic RNAs and, in this regard, our apical structure B1 also has many similarities with 2 stem-582 loop structures as well as with A-Xist structure (compare structures (L) and (K) in Fig. 10LK ).
583
These findings are consistent with ideas about the properties of RNA binding site of the PRC2 584 complex.
585
The preference of the whole structure due to its length leads to its ability to be exhibited far 586 into the nuclear space, and undoubtedly, due to many degrees of freedom, facilitates the ability to 587 scan the space and cross the area of nucleus as well as to reach distant portion of the same 588 chromosome.
589
Later in the text, we will show that clusters of significant nucleosome positioning are 590 localized in the downstream area, and this will make the functioning of the complex more efficient 591 in transcriptional silencing in tissues with high levels of PRC2 components. In summary, we can 592 say that in many tissues, the Alu cluster in variant 1,2 (especially in foetal form) may be responsible 
597
(truncated variant 1,2 incorporating the deletion of Alu cluster) the expression is allowed in some 598 other tissues, in addition to brain, as mentioned above. However, variant 3 (Fig. 5 ) also contains 599 some cryptic structural variant of already considered Alu cluster structure, e.g., a prolonged 600 structure with an apical B11-14 substructure (Intron 1(6')) and special 'GGAUA' motives in dense 601 localization with TG-rich content in B12. 
621
GABRA5 intergene region also has many peaks and dips in the NP signal (Fig. 11V) .
622
In another situation of II-IX sites the nucleosome clusters may form to be detected when (Fig. 11X) and NP peaks V-VII (Fig. 11W) 
635
In Fig. 11A , Y, the numbers of reads for each intron are presented from the GenBank data.
636
The introns closer to the 3'-end have a higher level of reads than in the middle and more than in the 
663
1T,U). We studied a secondary structure of large intron RNA as part of long bidirectional 664 transcripts by UNAFOLD (Fig. 12) . Similarly, to the previous cases, the branches may be 665 considered as multiple stable stem-loops substructures with spatially oblong traits. They have 666 approximately the same coordinates on nucleotide sequence (Table S1 ) and many incidences of Table S1 , 687 transcription variant CL749803, Fig. 1L ).
688
Conclusions
689
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